Abstract The upper plate deformation pattern reflects the mechanical behavior of subduction zones.
Introduction
In subduction zones, the upper plate deformation pattern reflects the dynamics of the downgoing slab. The slab dip controls the location of the volcanic arc (England et al., 2004; Syracuse & Abers, 2006; Tatsumi et al., 1986) , whereas interplate coupling (a function of the asperities and fluid circulations at the interface of the plates) as well as trench deformation (i.e., bending, rollback, and advance) are accommodated by upper plate strain, which may be partitioned and may result in the uplift or subsidence of the forearc-arc and back-arc regions (Heuret & Lallemand, 2005; Lallemand, 1999) . In this regard, by studying the upper plate deformation pattern of the subduction zones it is possible to picture the evolution of both the geometry and mechanical behavior of the subduction zone through time.
The Lesser Antilles subduction zone trends between the North and South American Plates and is one of the shortest (1,400 km long) highly curved trenches in the world (Westbrook & McCann, 1986) . Its morphology is comparable to the poorly known Scotia subduction zone located between South America and Antarctica (Barker, 1970; Lynner & Long, 2013) . The peculiar curvature of the Lesser Antilles trench has been acquired since the Paleocene subsequent to the entrance of the buoyant Bahamas Bank in the Greater Antilles subduction zone. This event locked the subduction process, triggering the plate boundary reorganization, cessation, and migration of the arc in the forearc of the subduction zone together with upper plate deformation (Mann, 1999; Pindell & Barrett, 1990; Westercamp & Andreieff, 1983b) . magmatism and are focusing on St. Barthelemy Island as it is known to display middle Eocene limestones and middle Eocene to early Oligocene volcanoclastic and magmatic rocks. We propose a revised chronology of the magmatism based on novel geochronological data. These new ages, coupled with a high-resolution structural and kinematic analysis of both brittle and ductile deformations, can be used to characterize the evolution of the stress field through time from the middle Eocene to the early Miocene. Our data set allows to discuss the tectono-magmatic evolution of the island over this time interval corresponding to the birth and development of the Lesser Antilles volcanic arc. This evolution is discussed within the framework of the geodynamical evolution of the Caribbean subduction zone.
Geological Context

Regional Geodynamical Evolution
Since the Hauterivian interval (134-131 Ma), the North and South American Plates are subducted below the north-northeastern boundary of the Caribbean Plate along the Greater Arc of the Caribbean (GAC) subduction zone (Pindell et al., 2012; Figure 1a) . In the northern Lesser Antilles, the GAC-related late CretaceousPaleocene arc magmatism was exposed on the island of St. Croix (Virgin Islands) from approximately 74 to 64 Ma (Speed et al., 1979) . To the south, this arc was exposed on the Aves Ridge between approximately 88 and 59 Ma (Bouysse et al., 1985; Fox et al., 1971; Neill et al., 2011; Figure 1a) . There is no evidence for late Cretaceous-Paleocene magmatism east of the Aves Ridge, that is, on the Lesser Antilles islands (Figure 1b ).
During the early Eocene, the collision of the buoyant Bahamas Bank with the Caribbean Plate triggered a decrease in the subduction rate (Ladd & Sheridan, 1987; Pindell & Kennan, 2001 Uchupi et al., 1971 ; Figure 1a ). Since then, to the north, the eastward extrusion of the Caribbean Plate is accommodated by a large-scale sinistral strike-slip fault. The arc magmatism resumed during the middle Eocene. Evidence for a middle Eocene arc is scarce and is mainly located on the Anguilla Bank in the northeastern Lesser Antilles arc ( Figure 1b ). The oldest magmatic episode known on St. Barthelemy is middle Eocene in age and consists of submarine volcanism and slightly younger intrusions of tholeiitic and calc-alkaline affinities, respectively. On the neighboring island of St. Martin, an early-to-middle Eocene mixed volcanoclastic-carbonate series, affected by low-grade metamorphism, extensively crops out (Andreieff et al., 1987; Bonneton & Vila, 1983; Christman, 1953) . On the island of Antigua, southeast of St. Barthelemy, a basaltic lava yielded a minimum whole rock K/Ar age at approximately 40 Ma (Briden et al., 1979; Nagle et al., 1976) ; however, due to weathering, this age needs to be considered very cautiously. West of St. Barthelemy, there is no evidence for middle Eocene volcanic activity on either the Saba Bank (Church & Allison, 2005) or on St. Croix (Speed et al., 1979) despite their position in the prolongation of the Aves Ridge (Figure 1b ). These observations are consistent with the waning of the Cretaceous-Paleocene GAC located on the Aves Ridge. Thus, following the entrance of the Bahamas Bank into the subduction zone, the volcanism shifted eastward in the forearc basin of the GAC.
During the early Oligocene, the GAC subduction zone was progressively sutured from west to east at its northern edge (i.e., along Cuba). East of the suture, the plate boundary was a sinistral strike-slip (Hispaniola) whereas further east (Puerto Rico and eastward), subduction was still ongoing and rolling back eastward (white arrow, Figure 1a) . Contemporaneously, the upper Caribbean Plate itself was affected by a large-scale strike-slip fault, which has been accommodating the opening of the Cayman Trough since 49 Ma (Mann, 2012) .
Since the late Oligocene, the eastward retreat of the trench and its progressive bending have both been accommodated by the eastward propagation of this sinistral strike-slip fault in the upper plate, reaching the eastern tip of Puerto Rico (Escalona & Mann, 2010; Pindell & Kennan, 2001 ). This was responsible for (i) the opening of the Mona rift west of the Puerto Rico-Virgin Islands block (PRVI block), triggering its 25°counterclockwise rotation and (ii) to the east of it, the opening of the Anegada Trough, a major NE-SW trending pull-apart basin separating the PRVI block from the Lesser Antilles and St. Croix Jany et al., 1990; Mann et al., 2005; Reid et al., 1991) (Figure 1 ). The Oligocene magmatism occurred mainly on the islands of St. Martin and Antigua but west of St. Barthelemy and north of the Saba Bank; volcanic clasts from the Arcante 3 dredge 119D yielded Oligocene ages (approximately 29 to 24 Ma; Bouysse et al., 1985) indicating that volcanic activity also occurred in this area (Figure 1b) . On St. Martin, two large magmatic bodies intruding the Eocene volcano-sedimentary series yielded K/Ar ages (whole rock as well as hornblende and biotite) between approximately 31 and 28 Ma (Briden et al., 1979; Nagle et al., 1976 Feuillet et al. (2002 Feuillet et al. ( , 2010 and Laurencin et al. (2017) . The gray arrows indicate the convergence rates . The yellow star indicates the location of St. Barthelemy Island. The terms NAm and SAm plates refer to the North and South American Plates, respectively. The green, blue, and red lines show the Greater arc of the Caribbean, the extinct Lesser Antilles arc, and the present-day Lesser Antilles arc, respectively. PRVI = Puerto Rico-Virgin Islands.
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Tectonics Calc-alkaline volcanic intercalations were recognized in St. Martin within the Eocene volcano-sedimentary series but the whole rock K/Ar dating of the volcanic rocks yielded ages between approximately 31 and 26 Ma (Briden et al., 1979) , which is not consistent with the biostratigraphic ages (Andreieff et al., 1987) . This suggests that these volcanic rocks should be considered as near-surface sills that are also related to an Oligocene magmatic episode. On Antigua, the available whole rock K/Ar dating mainly points to the late Oligocene-early Miocene period (approximately 24 to 20 Ma); however, these are solely minimum ages; in addition, because of the severe weathering of the samples, these ages must be considered with caution (Briden et al., 1979; Nagle et al., 1976; Figure 1b) . This volcanic arc extended southward in Martinique where it also migrated westward through time (Andreieff et al., 1987) . The oldest volcanic units (Basal Complex and St. Anne Series) on this island were recently dated again between approximately 25 and 21 Ma, that is, late Oligocene-early Miocene (Germa et al., 2011) .
Since the late Oligocene-early Miocene, the volcanic arc of the Lesser Antilles shows a peculiar feature; south of Martinique, the volcanic activity was continuous and slightly migrated westward (less than 10 km, i.e., the width of the island) whereas north of this island, it ceased during the late Oligocene-early Miocene interval and migrated westward to its present-day location ( Figure 1c ). The duration of the volcanic hiatus is estimated to be approximately 10 Myr (i.e., 30 to 20 Ma according to Bouysses & Westercamp, 1990) . Therefore, presently, remnants of the Eocene-Oligocene arc (i.e., the islands of St. Martin, St. Barthelemy, and Antigua) stand in the forearc of the early Miocene-present-day volcanic arc (Bouysse et al., 1990; Pindell & Kennan, 2001 ).
The present-day morphology of the Lesser Antilles subduction zone results from this latter 56-Ma geodynamical evolution. The subduction of the North and South American Plates is oriented WSW. As the trench is convex, its obliquity increases from a minimum value of 5°at the latitude of Guadeloupe to an obliquity of 77°at the latitude of the Anegada Trough and to nearly pure strike-slip offshore western Hispaniola (Figure 1c ). Oblique subduction is accommodated by strain partitioning in the Caribbean Plate, which shows a large-scale sinistral strike-slip fault along the Greater Antilles, and the Anegada Trough sinistral strike-slip system links up with the Lesser Antilles Deng & Sykes, 1995; Feuillet et al., 2001; Laurencin et al., 2017; Stein et al., 1982) . Along the northern Lesser Antilles, the strain partitioning is accommodated by parallel-to-the-trench en echelon faults along the arc and perpendicular-to-the-trench grabens in the forearc (Figure 1b ; Feuillet et al., 2002 Feuillet et al., , 2010 Feuillet et al., , 2011 Lopez et al., 2006; Manaker et al., 2008) . However, this interpretation is challenged by the following observations along the Lesser Antilles subduction zone: (i) the low degree of subduction obliquity (<5°) from the northern Lesser Antilles islands southward, (ii) the very limited occurrence of strike-slip focal mechanisms (Gonzàlez et al., 2017; Stein et al., 1982) , (iii) indications for low coupling at the subduction interface (Symithe et al., 2015) , and (iv) evidence showing that, perpendicular to the trench, the grabens are not neoformed but localized above inherited structures (Corsini et al., 2011; De Min et al., 2015; Lardeaux et al., 2013; Münch et al., 2014) .
Geology of St. Barthelemy
St. Barthelemy belongs to the Anguilla Bank, a shallow Miocene to Holocene reefal platform from which two other islands emerge: Anguilla and St. Martin (Christman, 1953) (Figure 1b) . The bank delimits the northernmost tip of the Lesser Antilles remnants of the Eo-Oligocene volcanic arc and is bounded (i) to the northwest by a series of basins trending parallel to the Anegada Trough, (ii) to the west by the 800-m-deep Kalinago Basin, and (iii) to the east by the outer forearc (Figure 1c ). The island of St. Barthelemy consists of middle Eocene volcaniclastic and limestone deposits interbedded with submarine lava flows and the whole series is intruded by late Eocene to Oligocene magmatic intrusions (Westercamp & Andreieff, 1983b ; Figure 2 ).
The sedimentary record displays six sedimentary units, deposited during periods of relative volcanic quiescence. The two lowest units are comprised of a carbonate platform deposited in littoral conditions. The overlaying four carbonate platform units were deposited in a more distal depositional setting (Andreieff et al., 1987; Westercamp & Andreieff, 1983b) . The two lowest units were dated as middle Eocene in age (Lutetian to early Bartonian) on the basis of the occurrence of the benthic foraminifer Polylepidina antillea, which points to the P11 and P12 planktonic foraminifera biozones (Andreieff et al., 1987; Westercamp & Andreieff, 1983b) . The four upper units were also dated as belonging to the middle Eocene (late Lutetian to early Bartonian) on the basis of the cooccurrence of the benthic foraminifera P. antillea and Nummulites striatoreticulus, which points to the P12 biozone (Figure 2 ). Three magmatic episodes have been previously distinguished (Westercamp & Andreieff, 1983a , 1983b ; Figure 2 ). The two oldest episodes were not dated but were considered as coeval with the deposition of the carbonate platform; therefore, they most likely occurred during middle Eocene times (late Lutetian-early Bartonian), during approximately~3.4 Myr between 43.88 and 40.49 Ma (calibrated age for the biozones following Vandenberghe et al., 2012) . However, it must be pointed out that (i) the geometrical relationships between the carbonate platform deposits and magmatic formations as depicted on the geological map (Westercamp & Andreieff, 1983a) are sometimes debatable, and (ii) a whole rock K/Ar age obtained on an andesitic flow, mapped below one of the four latest carbonate platforms at 29.8 ± 9 Ma (Briden et al., 1979; Nagle et al., 1976) was rejected because it was not concordant with the biostratigraphic data. The oldest middle Eocene magmatic episode corresponds to a tholeiitic episode and was described mainly in the islets north of St. Barthelemy and in the northern part of St. Barthelemy Island. The second episode, still middle Eocene in age is of calc-alkaline affinity and mainly outcrops in the southeastern part of St. Barthelemy. According to Andreieff (1983a, 1983b) , these two magmatic episodes should have occurred along roughly parallel WNW-ESE trends with the older tholeiitic episode north of the younger calc-alkaline one. This southward migration together with this magmatic evolution were both interpreted as resulting from a south-dipping subduction and therefore the magmatism in St. Barthelemy was thought to belong to the GAC (Westercamp & Andreieff, 1983b) . The last magmatic episode has a calc-alkaline affinity and crosscuts all previous sedimentary and magmatic rocks. This episode is characterized by the emplacement of volcanic pipes, with associated breccia and maars, and by two large intrusions (Westercamp & Andreieff, 1983a , 1983b . The previous whole rock K/Ar dating of these intrusions yielded ages ranging from 36.3 ± 2 to 24 ± 3 Ma (Briden et al., 1979; Nagle et al., 1976 ; Figure 2 ). According to Andreieff (1983a, 1983b) , these intrusions are organized along two main NW-SE trending magmatic centers located at both tips of St. Barthelemy Island. Given that they were considered as synchronous with the magmatism occurring in the neighboring island of St. Martin (Nagle et al., 1976) , they were interpreted as representing the onset of the Lesser Antilles arc in the forearc of the GAC.
From a structural point of view, two main directions of faults trending WNW-ESE and NE-SW are shaping the island and have been recognized at the island scale (Christman, 1953; Westercamp & Andreieff, 1983a , 1983b . The proposed distribution of the volcanic centers along two main WNW-ESE middle Eocene 
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Tectonics magmatic fronts may suggest a tectonic control on the localization of the magmatism and on the roughly southward migration of the magmatism (Westercamp & Andreieff, 1983b) . The carbonate platforms and volcanoclastic deposits are tilted by <20°toward the S-SW. This is consistent with the southward regional tilt, which has been proposed to have occurred prior to the last magmatic event (Westercamp & Andreieff, 1983b) . The proposed distribution of the late Eocene-Oligocene intrusions along a NW-SE direction and the occurrence of few NE-SW trending dykes may also suggest a tectonic control on the latest magmatic event (Westercamp & Andreieff, 1983b) .
Data and Methods
3.1.
40 Ar/ 39 Ar Dating
The samples were crushed and sieved, and a 100-to 200-μm grain size was retained for feldspar and groundmass separation. After magnetic separation, the plagioclase and groundmass grains were selected under a binocular microscope. The grains were leached with HNO 3 (1 N) for a few minutes and then repeatedly cleaned ultrasonically in distilled water and alcohol. The samples were packed in aluminum foil for irradiation in the core of the Triga Mark II nuclear reactor of Pavia (Italy) performed at Géosciences Montpellier (France). The gas extraction and purification lines consist of (a) an IR-CO 2 laser of 100 kHz used at 3-20% power to heat the samples during 60 s, (b) a lens system for beam focusing, (c) a steel chamber, maintained at 10 À8 -10 À9 bar, with a copper holder in which 2-mm-diameter blind holes were milled, and (d) two Zr-Al getters for the purification of the gases. The argon isotopes were analyzed with a multicollector mass spectrometer (Argus VI from Thermo-Fisher). The mass discrimination was monitored daily using an automated air pipette and provided a mean value of 0.99985 ± 0.00274 per dalton. Small populations of plagioclase or groundmass were distributed two to three grains deep in the holes of the copper holder and were step-heated. Blank analyses were performed every three sample analyses. The raw data of each step and blank were processed, and the ages were calculated using the ArArCALC software (Koppers, 2002) . The criteria for defining plateau ages are as follows: (1) Plateau steps should contain at least 50% released 39 Ar, (2) there should be at least three successive steps in the plateau, and (3) the integrated age of the plateau should agree with each apparent age of the plateau within a 2σ confidence interval. All of the subsequent quote uncertainties are at the 2σ level, including the error on the irradiation factor J.
Structural and Kinematics Analysis
This study presents a structural data set consisting of~1,300 measurements of bedding, fractures, faults, schistosity, and kinematics criteria, acquired over 345 sites across the island during three fieldwork campaigns in order to characterize the kinematics of the brittle deformation affecting St. Barthelemy and its chronology (the structural measurement as well as sampling sites are indicated on Figure 2 ). We refined the map of St. Barthelemy provided by Westercamp and Andreieff (1983a;  Figure 2 ), remapping geological units, dykes, intrusions and faults, and propose a synthetic W-E cross section of the whole island (Figure 3 ).
Paleostress Tensors
We used the right dihedron method to inverse the fault kinematics and obtain the paleostress tensor using WinTensor software (Angelier, 1979; Angelier & Mechler, 1977; Delvaux & Sperner, 2003) . WinTensor allows the rotational optimization of the obtained tensor by performing iterative tests on the tensors in order to minimize a misfit function (Delvaux & Sperner, 2003) . We performed these inversions with a set of data consisting of the fault strike, dip, plunge of the striae and kinematics criteria. For consistency, a minimum of four structural measurements (fault direction and dip, pitch, and kinematics) is needed to obtain a robust paleotensor. The quality of the inversion is given by QRw (world stress map quality criteria) ranging from A (very good) to E (very bad) depending on the amount of data used for the inversion (n), the ratio between the amount of data used for the inversion, and the amount of input data (n/nt), the deviation between the observed and theoretical slip direction (α w ), the sense of slip confidence level (Cl w ), and the type of structure (fault, fracture, and shear zone). The tensor quality is given by QRt, ranging from A (very good) to E (very bad) and depends on QRw and on the dispersion of the measured structures: When the data are more highly dispersed, the quality is better (Delvaux & Sperner, 2003) .
4. Revision of the Tectono-Magmatic Evolution of St. Barthelemy
Chronology of the Magmatic Events
The samples were collected at the locations corresponding to the three previously identified magmatic episodes (see the location in Figure 2 ). The oldest tholeiitic magmatic episode cropping out below the Lutetian carbonate platform, together with the slightly younger calc-alkaline episode (also thought to be Lutetian), has been dated in three and two localities, respectively. We also dated the two late Eocene-Oligocene calc-alkaline main intrusions that correspond to the previously proposed final magmatic episodes. We present our results in Table 1 and Figure 3 following the chronology presented in the available geological map (Westercamp & Andreieff, 1983a) .
Oldest Tholeitic and Calc-Alkaline Magmatic Episodes
In the northwestern part of St. Barthelemy Island, basaltic andesite lava flows are widely exposed (Figure 2 ). According to Andreieff (1983a, 1983b) they should correspond to the oldest volcanics of the island. In this area, we dated groundmass populations (10 mg per experiment) from two different flows: SB16-11 and SB16-12. The available mapping indicates that the southern population, SB16-11, is in a higher stratigraphic position than the northern one SB16-12 (Westercamp & Andreieff, 1983a , 1983b Ar. The high error on the age is related to the huge abundance of trapped atmospheric argon degassing until the fused step and may be related to the alteration.
The eastern part of St. Barthelemy Island exhibits a relatively continuous section of the base of the series (Figure 3 , cross-section AB) comprised of interbedded limestone and volcanoclastic deposits (hyaloclastites) transected by two sets of normal faults (N50°and N140°). On the northern coast, the basal carbonate platform deposits and surrounding hyaloclastites exhibit a bedding trending N80°E with a 5°to 10°southward dip (Figure 3 , cross-section AB). To the south of this section, the bedding evolves toward N180°, 10-15°E and a submarine flow of tholeiitic basaltic andesite is interbedded within the hyaloclastites of the upper part of the section and was sampled for dating (SB16-05, Figure 3 ). We performed duplicate analyses on the plagioclase populations (10 mg each), which each yielded a saddle-shaped spectrum, indicating an excess of argon with a mean age of 44.87 ± 1. Ar ratio of 300 ± 9.7 (Figure 4) . The plateau age of 40.92 ± 2.29 Ma (experiment B) is retained as the best estimate.
In the southeastern and central parts of the island, the mixed volcanic-sedimentary series is crosscut and unconformably overlain by a large calc-alkaline latitic lava-dome (sample SB16-04) and dacitic lava flows
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Tectonics (sample SB16-03) that are associated with hyaloclastites ( Figure 3 , cross-section BC). Due to extensive alteration, we could only separate twenty clear and unaltered plagioclase grains from sample SB16-04. We fused them in one step after a low-temperature predegassing step in order to remove the atmospheric argon adsorbed on the surface of the grains. This experiment yielded a total fusion age of 36.40 ± 0.89 Ma ( Ar ratio of 294.8 ± 3.5 that is indistinguishable from the atmospheric ratio (Figure 4) . The relatively high errors (~5%) on the ages are related to the abundance of the trapped atmospheric argon that is highly degassed until the fused step and which may be related to weathering. The plateau age of 33.45 ± 1.72 Ma is retained as the best estimate.
Final Calc-Alkaline Magmatic Episode
At the easternmost tip of the island, an andesitic intrusion that was believed to correspond to the last magmatic episode sampled (sample SB16-10, Figure 3 Ar ratio of 294.1 ± 2.2 that is indistinguishable from the atmospheric ratio. The plateau age of 39.79 ± 0.78 Ma is retained as the best estimate (Figure 4 ).
In the central part of the island the large quartz microdiorite intrusion (sample SB16-02, Figure 3 and Table 1) Ar ages for the andesitic (sample SB16-05) and latitic lava flows (sample SB16-04) are consistent with the previously proposed stratigraphy (Westercamp & Andreieff, 1983a , 1983b  Figure 3 ; section AC, Figure 3) . However, the 40 Ar/ 39 Ar age of 39.79 ± 0.78 Ma for the andesitic intrusion (sample SB16-10), located at the easternmost tip of the island, invalidates the previously proposed age (Westercamp & Andreieff, 1983a , 1983b . This age corresponds to the oldest, middle Eocene, magmatic event and not to the youngest late Eocene-Oligocene one. This result questions the proposed late Eocene-Oligocene age for the small volcanic pipes and associated breccias occurring in the eastern part of the island (light pink, Figure 3 ).
In the central part of the island, the two new 40 Ar/
39
Ar ages also invalidate the previously proposed middle Eocene age for this magmatism (Westercamp & Andreieff, 1983a , 1983b . The latitic and dacitic lava flows yielded ages of 36.40 ± 0.89 Ma (sample SB16-04) and 33.45 ± 1.72 (sample SB16-03), respectively. Therefore, this volcanism is latest Eocene-early Oligocene in age and can no longer be associated with the middle Eocene magmatic event.
To the west of the island, the two dated andesitic lava flows yielded late Oligocene ages (sample SB16-11: 24.31 ± 1.22 Ma and sample SB16-12: 23.92 ± 3.52 Ma), which contradicts the previously proposed middle Eocene age for this volcanism (Westercamp & Andreieff, 1983a , 1983b . It must be pointed out that these new results are concordant with the whole rock K/Ar age (29.8 ± 9 Ma determined by Nagle et al., 1976, and Briden Note. The analytical procedure is described in the text. MSWD = mean square weighted deviation; plg = plagioclase; * = mean age; ** = "mini-plateau," that is, with less than 50% of the 39 Ar released.
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Tectonics Figure 3 . A new tectonic and lithological map of St. Barthelemy and synthetic cross-section of the island. The blue hexagons indicate the location of the samples for the Ar/Ar dating and the biostratigraphic age from Westercamp and Andreieff (1983b) . The white and red bedding strike and dip are from Westercamp and Andreieff (1983b) and our own field measurements, respectively. The colors with question marks correspond to formations that have not been dated and the age of which was determined via cartography.
Tectonics et al., 1979) that was discarded by Andreieff (1983a, 1983b) . This result questions the previously proposed ages for the other andesitic lava flows (light pink, Figure 3 ) and some hyaloclastites (light green, Figure 3 ) occurring in this part of the island. The age of the final magmatic event, exemplified by volcanic pipes and associated breccia crosscutting the two dated lava flows (light yellow, Figure 3) , may now be regarded as early Miocene at the oldest instead of early Oligocene; however, their age needs to be confirmed.
To sum up, our new results invalidate the overall chronology of the magmatism previously proposed by Andreieff (1983a, 1983b) . We provide evidence for five (instead of three) main periods of magmatic activity: middle Eocene, late Eocene, early Oligocene, late Oligocene, and early Miocene. The magmatism of St. Barthelemy can no longer be considered as mainly middle Eocene in age. Instead, it spanned from middle Eocene to latest Oligocene-early Miocene times. These results also question the biostratigraphic determinations of the carbonate platform deposits that were mainly used to establish the previous chronology of the magmatic events (Westercamp & Andreieff, 1983a , 1983b . The same authors proposed that the deposition of all carbonate platforms took place in a <4-Ma period during the middle Eocene. Lastly, in the central-western and western part of the island, we dated dacitic lava flows at 33.45 ± 1.72 (sample SB16-03) and two andesitic lava flows at 23.90 ± 3.52 Ma and 24.31 ± 1.22 Ma (samples SB16-11 and SB16-12), respectively. The contacts of these lavas, previously mapped below the middle Eocene carbonate platform deposits, have been investigated again, and we show that the lava flowed in paleo-valleys that were carved into the carbonate platform deposit (Figure 3 ).
Deformation Pattern and Kinematics 4.2.1. Brittle Deformation
As mapped previously (Christman, 1953; Westercamp & Andreieff, 1983a , two main fault directions, N50°E and N140°E, and a minor direction of N90-110°E are identified. Irrespective of their trend, the fault planes show normal or transtensional kinematic indicators. At some places, N90°E trending faults are reverse with dm displacements (six locations across the island). However, we never observed two different kinematic indicators on the same fault plane, which means that we cannot propose a chronology. As a result, we define a chronology of deformations taking into account our new ages obtained on the magmatic rocks. In order to 
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Tectonics investigate the paleo stress field of St. Barthelemy during the middle Eocene to Oligocene-Miocene time span, we inverted the fault kinematics of 36 measurement sites for a total of 361 fault slip data (Table 2 ; Figures 5 and 6 ). At the outcrop scale, the inversions performed at each measurement site show that the faults are normal and show a dextral strike-slip to the SE and NW of the island whereas they show dextral strike-slip kinematics to the east ( Figure 6 ). Based on our new chronology of the volcanic events, we performed grouped inversions on the faults that we estimate to have developed synchronously during the investigated time span.
Middle Eocene
The lowermost part of the series, middle Eocene in age, is affected by N50°and N140°trending faults. Syn-kinematic sedimentation is evidenced along the N140°trending faults as limestones deposited in the hanging wall of the fault show growth strata (Figure 5a ). The paleostress inversion at each site reveals that both N140°and N50°trending faults display oblique slip (Table 1 and Figures 5a and 6a , sites 1 to 6). These structures are sealed by thick hyaloclastites in which a lava flow dated 40.92 ± 2.29 Ma is intercalated (sample SB16-05; this study, see section 4.1). The paleostress tensor obtained from the field data for these rocks of middle Eocene age shows that σ 1 is almost vertical plunging 88°to the N147°trending fault, and σ 3 is horizontal and plunges N50°. The magnitude of σ 2 is close to σ 1 defining a pure extension regime with a principal direction of extension trending N50°(stereonet in Figure 6b , Table 3 ). 
Early Oligocene
In the late Eocene, the magmatic units are mainly affected by N050°trending faults and are sometimes intruded by N50°E trending dykes. They mainly occur in the eastern-central part of the island and belong to the two oldest magmatic episodes. Consequently, the N50°E trending faults and dykes occurred after the late Eocene magmatic episode and we assumed that this deformation and associated dykes are Barthelemy showing the westward migration of the tectono-magmatic activity and the paleostress tensor for each investigated fault on the island. The arrows show the azimuth of the horizontal stress axes with a length that is proportional to the stress magnitude. The outward and inward black arrows indicate compressive and extensive deviatoric stress axes, respectively (Delvaux et al., 1995) . (b) Paleostress tensor obtained from the field data (faults with kinematic criteria, fractures, and dykes) for each of the three periods of volcanism identified in this study.
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Tectonics Oligocene in age. A dextral shear strain corridor that trends N050°E affects the eastern tip of the island (Figures 5b and 6a , sites 10 to 12 and 19 to 22). Southeast of the shear corridor, the N090°E trending faults are compressive (Figure 6a , site 19) and satellite shorter dextral strike-slip faults crop out (Figure 6a , sites 11 to 12 and 20 to 22). Northwest of the shear corridor, the N015°E and N120°E trending faults are sinistral ( Figure 6 , site 9) and dextral ( Figure 6a , site 10) strike-slips, respectively. Faults showing trends ranging from N-S to N50°E display dip slip striae but without kinematics criteria (Figure 6a , site 10). These N50°E dextral strike-slip faults, which show pure strike-slip kinematics (subhorizontal striae), are intruded by dykes, most probably related to the early Oligocene magmatic event. Approaching the dykes, the slip on the fault becomes increasingly less oblique (striae plunging at 30°) allowing the magma to locally emplace along the fault. The paleostress tensor obtained from field data show that σ 3 is subhorizontal (À2°) and plunges N016°, and σ 2 is close to σ 1 defining a pure extension regime with a principal direction of extension trending N16°(stereonet Figure 6b ; Table 3 ).
Middle Miocene
To the west of the island, the faults are crosscutting the magmatic bodies that intruded the lava flows we dated at~24 Ma; therefore, their activity postdates the last early Miocene magmatic episode. As a result, we assumed that this tectonic episode is middle Miocene in age at the most; however, it could be younger. A series of large N110-140°E trending faults dissect the volcano-sedimentary pile (Figure 6a , Sites 26 to 41). The late Oligocene volcanic complex is bound to the south and north by E-W trending dextral strike-slip faults. It should be noted that the E-W trending faults, (Figure 6a , sites 36 and 40), are crosscut by NW-SE trending faults that show dip to oblique slip kinematics defining a N140°E trending dextral strike-slip corridor affecting the whole pile consisting of the youngest rocks we dated (west of the island). The paleostress tensor obtained from the field data show that σ 1 is almost vertical plunging 83°to the N245°fault, σ 3 is subhorizontal À9°-and trends N35°. σ 2 is extensional defining a radial extension regime with a N035°trending principal direction of extension (stereonet Figure 6b , Table 3 ).
Discussion
Tectono-Magmatic Evolution of St. Barthelemy
We show that the volcanism in St. Barthelemy spanned over the middle Eocene-early Miocene period with five main magmatic episodes. The structural analysis shows that the magmatism is associated with the deformation accommodated along the N050°and/or N140°trending faults. These two fault trends, N50°a nd N140°affect the base of the series, suggesting a strong interaction between the inherited N50°and N140°faults and the volcanism. Based upon the aforementioned magmatic evolution, three main tectonic events are identified.
The middle Eocene episode is characterized by a widespread submarine volcanism (and some intrusions) in the eastern part of the island of both tholeiitic and calc-alkaline affinity. At that time, a pure extension with a σ 3 directed N050°is accommodated along N110-140°trending faults. The two magmatic bodies dated in this study (central and eastern St. Barthelemy) most probably emplaced later along this structure. After a period of apparent volcanic quiescence, which may have lasted between 4 and 7 Ma, the calc-alkaline volcanism resumed during the late Eocene. Volcanic rocks of this age mainly outcrop in the central part of the island.
The early Oligocene magmatism is characterized by the large calc-alkaline intrusion occurring in the centralwestern part of the island (red-colored pluton, Figure 3 ), but some other small intrusions crosscutting the middle to late Eocene volcanics could also be attached to this magmatic episode (light red-colored intrusion, Figure 3 ). This magmatic episode occurred after a period of magmatic quiescence during which the large carbonate platform, outcropping in the central southern part of the island, developed. 
Tectonics
The magmatic activity resumed during the late Oligocene with the eruption of arc-tholeiite lava flows. These lavas outcrop in the western part of the island where one of them (sample SB16-12) lay unconformably above the oldest mixed volcaniclastic-carbonate series. During the Oligocene, pure extension with a σ 3 directed N016°was accommodated along N120°E and 050°E trending faults. In the eastern part of the island, the intrusions show a N050°E trend suggesting that they could be Oligocene in age. Moreover, the magmatic bodies dated in this study show a N120°E elongation and were most probably emplaced along the N120°E fault (central and eastern St. Barthelemy). It should be noted that the dilation provided by the WinTensor program is larger along the N130°E trending fault than along the N050°E faults, which is fully consistent with the field observations of the larger intrusions trending N120°E and the smaller dykes intruded along the N050°E trending faults. Tilting along the N050°E trending and NW dipping faults may have been responsible for the general southeastward tilt of the series up to the late Oligocene. One of the consequences of this may have been the emersion of the northwestern part of the island. This is consistent with the unconformity observed between the late Oligocene lava flow and the underlying middle Eocene hyaloclatistes and suggests that the western part of the island was emerged and subjected to erosion prior to the late Oligocene.
The final magmatic event that mainly outcrops in the western part of the island is characterized by volcanic pipes and associated breccias crosscutting the late Oligocene lava flows. Some small intrusions occurring in the central and eastern parts of the island, even when they do not crosscut the late Oligocene lava flows, were supposedly related to this episode (Westercamp & Andreieff, 1983a , 1983b . However, we dated one of these intrusions (sample SB16-10) at 39.79 ± 0.78 Ma, which we therefore affiliate to a previous magmatic episode. Last, the radial extension with a N030°directed σ 3 that postdates the latest N110-140°E trending early Miocene lavas, was accommodated along the N110-140°E trending faults.
At the island scale, instead of a strict southward migration as previously proposed (Westercamp & Andreieff, 1983a , 1983b , we show that the magmatic activity migrated westward over the whole length of the island (tens of km) and shows an Eo-Oligocene cluster in the south and a northward migration during the late Oligocene-early Miocene (see the projection of our ages on the N-S and E-W axes, Figure 6 ). This result is in accordance with the regional westward migration of the Lesser Antilles arc volcanism that can be observed all along the arc, and in particular in its northeastern part where it is associated with a westward arc jump (Bouysses & Westercamp, 1990; Macdonald et al., 2000) . This migration of the arc was thought to result from a slab flattening and break-off following the subduction of a buoyant ridge. This event was also believed to have triggered a compressive event and a magmatic gap between 30 and 20 Ma (Bouysses & Westercamp, 1990) .
In this study we show that the arc was active in St. Barthelemy till early Miocene and that during the EoceneMiocene time span the tectonic regime was extensive (pure or radial extension). This observation rules out (i) the hypothesis of a 10-Myr compressive event affecting the forearc of the Lesser Antilles during Oligocene and (ii) the westward arc migration between 30 and 20 Ma (Bouysses & Westercamp, 1990) . Arc migration occurred thus later, that is, after early Miocene. Our results, suggest that the upper plate was undergoing regional extension contemporaneously with arc activity. We attribute this large-scale extension to reflect the accommodation by the upper Caribbean Plate of governed by large-scale plate kinematics (Boschman et al., 2014) .
Links to the Regional Geodynamical Evolution
Although the time-space evolution of the magmatic arc activity can now be described precisely over the studied time period, the main directions of the paleostresses and the estimation of the bulk deformation accommodated by this area of the Lesser Antilles is still missing. Therefore, in order to discuss and picture the regional geodynamic evolution of the area, we restored its deformation based on available bathymetric, structural, seismic, and paleomagnetic data (Church & Allison, 2005; Jany, 1989; Jany et al., 1990; Laurencin et al., 2017; Reid et al., 1991) . We identified and mapped the main faults segmenting the backarc, arc, and forearc domains given that they act as micro block boundaries, separating graben from horst. The available perpendicular and parallel-to-the-trench seismic lines of the basins bounding the Anguilla Bank -for which a rough chronostratigraphy is available (Jany, 1989; Jany et al., 1990 )-allow us to account for the deformation accommodated in response to parallel and perpendicular-to-the-trench extension (Figure 7) . Ultimately, by closing the basins and rotating the PRVI block by 25°in a clockwise direction in order to restore its 25°coun-terclockwise rotation (Reid et al., 1991) , a two-step restoration is proposed (Figure 8 ).
Contemporaneously to the arc migration, the upper plate accommodated 12% of the perpendicular-to-thetrench extension in the basins located south of the PRVI block and west of the Anguilla Bank (cross-sections A, B and E, Figures 7 and 8a) . In St. Barthelemy, the paleostress tensor estimated over the middle-Eocene shows a direction of extension that trends N050°E. Moreover, we show here that in St. Barthelemy, at least, the late Oligocene is a hinge period during which a switch from pure to radial extension accompanied the inland migration of the Lesser Antilles volcanic arc. This evolution reflects the introduction of a component of trench parallel extension and was followed by a Miocene dextral transtensive opening of the Anegada Trough (Jany et al., 1990; Laurencin et al., 2017) and the subsequent 25°counterclockwise rotation of the PRVI block (north of the Anegada Trough; Figure 8c ). Our restoration with these boundary conditions gives a 15°clockwise rotation of the Anguilla Bank that should be tested further using paleomagnetic data, which are unfortunately not yet available south of the Anegada Trough. The evolution of the stress field pictured in St. Barthelemy seems to be significant at a regional scale and shows a σ1 tilt from a vertical to horizontal position resulting in a switch from pure to radial extension and ultimately dextral strike-slip. This evolution most probably reflects the initiation of strain partitioning in the upper Caribbean Plate. The high curvature of the trench (which has been acquired progressively through time) results in a northward increasing subduction obliquity that is accommodated in the upper Caribbean Plate by a sinistral strike-slip system made up of the E-W Enriquillo-Plantain Garden fault along the Greater Antilles and a N-S fault strike-slip fault along the Lesser Antilles volcanic arc; these two latter structures are parallel to the trench. The Anegada Trough accommodates differential motions onto these two large strike-slip faults. St. Barthelemy is located south of the trough and therefore provides evidence for the initiation of strain partitioning leading to the development of these large strike-slip faults within the upper Caribbean Plate (Figure 8c ).
A last, younger volcanic episode (presently undated) has been described at the western tip of the island. Since the Oligocene, the basins located south of the PRVI block and in the Lesser Antilles backarc, such as the Kalinago Basin, have accommodated 15% of the parallel-to-the-trench extension (cross-sections C and D, Figure 7 ) while 15% of the perpendicular-to-the-trench extension was accommodated in the Kalinago Basin (cross-section F, Figures 7 and 8b) . Therefore, the bulk extension was subequal along the parallel and . Three-step restoration of the Eocene to present-day geodynamical evolution of the PRVI block and Anguilla Bank. The background map used is a compilation of present-day bathymetric data from the Aguadomar cruise in 1999 (150-m resolution), the USGS marine cruises in 2002 , and 2007 (Ten Brink et al., 2004 , the Antithesis cruises in 2013 and 2016 (100-m resolution), and General Bathymetric Chart of the Oceans data (Becker et al., 2009; Smith & Sandwell, 1997; 300-m resolution) . The left column shows the large-scale geodynamical evolution of the northeastern Caribbean Plate (after Pindell & Kennan, 2009 ). Traces of the main faults have been compiled based on the bathymetric map. Occurrences of outcrops of (i) the Cretaceous basement (Briggs & Akers, 1965; Church & Allison, 2005; Despretz et al., 1985; Monroe, 1980) , (ii) the Eocene and Oligocene volcanism (Briden et al., 1979; Christman, 1953) , and (iii) the Upper Miocene to active volcanism (Bouysse & Westercamp, 1990; Macdonald et al., 2000) are indicated by green, orange, and light orange colors, respectively. The timing of the opening of the basins is also provided (after Gill et al., 1989; Jany, 1989; Jany et al., 1990) . The PRVI 25°counterclockwise rotation is taken from Reid et al. (1991) . All of the paleogeographic maps are shown relative to a fixed North America (simplified from Pindell & Kennan, 2001 and Lao-Davila, 2014 . GAC stands for the Great Arc of the Caribbean and LA stands for the Lesser Antilles arc.
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Tectonics perpendicular-to-the-trench cross section (restored cross section, Figure 7) , which is somehow consistent with the Miocene radial extensional stress field obtained on St. Barthelemy. It should be noted that in sections C to F, the poor quality of seismic lines cannot be used to image the base of the series and we cannot rule out that the base of these basins consists of early-middle Eocene sediments, as observed on St. Martin and St. Barthelemy.
Last, a gap in the magmatism seems to have occurred between~20 and~10 Ma and was accompanied by an arc migration to its present-day position in the northeastern Lesser Antilles. As a result, the middle Eocene to early Miocene arc is now inactive and since then is found in the forearc of the present-day Lesser Antilles arc, which has been active since at least 10 Ma. This gap and westward migration of the volcanism were interpreted as being related to the subduction or a buoyant ridge of anomalous mid-Cretaceous crust (Bouysses & Westercamp, 1990) .
At the scale of the whole Lesser Antilles, the tectono-magmatic evolution we describe here appears to be very similar to the one observed at the southern tip of the Lesser Antilles arc. In this region, the GAC magmatism migrated from the Aves Ridge to its forearc basin during middle Eocene times (c. 47 to c. 44 Ma) and ongoing calc-alkaline volcanism occurred until 38-33 Ma occurred on Las Testigos Island and in the neighboring Carúpano Basin (Speed & Smith-Horowitz, 1998 , and references therein). The forearc basin of the GAC underwent flexural and then extensional regimes during the arc migration (Aitken et al., 2011) . However, since the middle Eocene, the forearc underwent 70 km of bulk extension (37%) which is more than twice the one observed in the northeastern Lesser Antilles. The southern Lesser Antilles volcanic arc developed in an inverted forearc and led to the emergence, during the Miocene, of the present-day volcanic arc that divided the previously continuous Paleogene forearc basin into the present-day Grenada and Tobago Basins (Aitken et al., 2011) . It must be pointed out that these basins had much higher subsidence (sediment thickness of~12 km since the middle Eocene) than the basins developed in the northeastern Lesser Antilles. This is consistent with the fact that the bulk extension (and related subsidence) is much lower in the northern Lesser Antilles.
Regionally, the acceleration of the slab rollback and associated arc jump in the middle Eocene may have resulted from a narrowing of the subducting slab related to the GAC and/or from the collision at both the northern and southern tips of the GAC with the Bahamas Bank and South American continental crust, respectively (Aitken et al., 2011) . The observed migration of the arc may also have been favored and enhanced by slab flattening due either to the entrance of the Bahamas Bank into the Greater Antilles subduction zone to the north or to the initiation of the slab tearing to the south (VanDecar et al., 2003) . The difference in the bulk extension and subsidence in the forearc of the northeastern and southern Lesser Antilles may then reflect the differences in the slab geometry and behavior between the northern and southern ends of the subducting slab. To the north, the slab bends without tearing (Laurencin, 2017; van Benthem et al., 2013) thereby restraining the bulk extension of the upper plate whereas it is torn to the south allowing the upper plate to be more widely spread out (VanDecar et al., 2003) .
Geodynamical insights
The collision of a buoyant anomaly in subduction zones is a common feature, and in this work we show that the analysis of the upper plate strain pattern of the subduction zone provides clues to the mechanical response of the overriding plate. The subduction of the laterally heterogeneous lithosphere bearing a buoyant anomaly results in a trench curvature as exemplified by the oroclinal bending of the Andes (Capitanio et al., 2011; Isacks, 1988) or other curved trenches such as the Hellenic, Papua New Guinea, Vanuatu, Tonga, Marianas and New Zealand trenches (Wallace et al., 2005 (Wallace et al., , 2008 . Wallace et al. (2005 Wallace et al. ( , 2008 proposed that the transitional zone between the subduction of the regular buoyancy material and the highly buoyant one exerts a torque force on the upper plate, which then triggers rapid microplate rotations possibly resulting in backarc rifting in some cases. St. Barthelemy and the whole Anguilla Bank are located above the type of transitional zone within the downgoing plate. The switch in the stress field recorded at the Oligo-Miocene hinge and the observed strain partitioning in the upper plate may be a direct expression of such torque force. Moreover, this study provides insight into the timing of the mechanical response of the crust during a regional stress change. We show that the switch from pure to radial extension and then strike-slip occurred over 10 Myr approximately. This switch indicates a peculiar evolution of the stress field during which σ 1 is progressively tilting from a vertical to a horizontal position.
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